Using the recently developed two analytical protocols, distributions were analyzed of five catechins (1-5), ten flavonoids (6-15), caffeine (16), and nine saponins (17)(18)(19)(20)(21)(22)(23)(24)(25) in 12 samples of flower buds of Camellia sinensis (L.) O. Kuntze, collected at different points in Taiwan. Characteristic tendencies with respect to the distribution of these constituents were observed according to the region of collection. Among the catechins, (-)-epigallocatechin 3-O-gallate (5) was the major constituent in all the samples. Notably, the content of 5 was higher in samples from the mountain regions in the middle and northern Taiwan than in samples from other regions. As for the principal flavonoids, the content of 10 was higher than that of 11 in most of the samples except those of Sijichun tea. For the saponin contents, the following trends were observed: (1) contents of chakasaponins I-III (17-19) were higher in samples from the mountain region in the middle and northern areas; and (2) contents of floratheasaponins A-F (20-25) were higher in the samples from central and southern areas. Figure 1: Structures of catechins (1-5), flavonols (6-15), caffeine (16), and saponins (17-25) from tea flower.
Green tea, made from the leaves of Camellia sinensis (L.) O. Kuntze (Theaceae), is the second most consumed beverage in the world. Its consumption is especially large in Asian countries and its association with human health benefits has resulted in the application of green tea extracts as common botanical ingredients in dietary supplements, neutraceuticals, and functional foods [1] . Tea flower, the flower buds of C. sinensis, has been used as food garnishes in some Japanese dishes (e.g. botebote-cha in Niigata prefecture) [2, 3] . In our continuous studies on exploring other bioactive constituents, several new saponins characteristic of flower buds were isolated [4] . Beneficial impacts of the extracts as well as of the saponin and polyphenol constituents on health were also revealed, which included anti-hyperlipidemic, hypoglycemic [4] [5] [6] , antiallergic [7, 8] , gastroprotective [5] , anti-obesity [9, 10] , antioxidant [11, 12] , antimicrobial [12, 13] , and anticarcinogenic effects [12] , as well as preventive and/or soothing effects against cardiovascular disorders [12, 14, 15] . Based on this scientific evidence, a variety of health foods and beverages made from tea flowers have been developed recently, and widely distributed in Japan and also in Taiwan and neighboring Asian countries. On this account, interest in tea flowers as a possible nutraceutical resource for dyslipidemia and metabolic syndrome patients is increasing, and there has been a strong demand for efficient quality control measurement to ensure the authenticity and the active contents of these products, as well as to verify the claims on product labels. To evaluate the quality of tea flower extracts, we recently developed In a preceding paper, for the purpose of quality evaluation of raw materials for nutraceutical products made of tea flowers, we examined distributions of these constituents in a variety of tea flowers collected from different geographical regions, i.e., India, China, Taiwan, and Japan. As a result, distinct regional differences with respect to the distribution of two principal flavonoids (10 and 11) were observed, as shown in Figure 2 . The samples from western China such as Fujian and Shichuan provinces, and India were found to contain more 10 than 11, while those from eastern China (Anhui province) and Japan contained nearly equal amounts of 10 and 11 [3] . Similar regional differences were observed with respect to the saponin contents: Figure 3 [2] . In this paper, more precise examination was carried out focusing on tea flowers collected in Taiwan.
In total 12 test samples were collected from different regions of Taiwan. To ensure consistency with preceding papers, these samples were abbreviated as CSS-T (Camellia sinensis, Taiwan), A typical LCMS chromatogram under optimized conditions for polyphenols (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) and caffeine (16) [3] for a standard mixture under MS and UV (268 nm) detections is shown in Figure 4 . It was found that three pairs of flavonols 7 and 9, 8 and 10, and 13 and 15 were hardly separable from each other, even after intensive examination of the separation conditions on chromatography, and were eluted almost simultaneously, as shown in the chromatogram.
Since 16 was hardly detected by negative-ion ESI-MS, its quantitative analysis was carried out under UV detection at 268 nm, the approximate absorption maximum of 16. According to the established protocol [3] , contents of catechins (1-5), flavonols (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) , and caffeine (16) in the 12 samples were examined. As shown in Table 1 , (-)-epigallocatechin 3-O-gallate (5) was the richest constituent among the catechins (1-5) (content of 5: 2.95-20.77 mg/g in the dry material) except for CSS-T9 (4: 2.46 mg/g > 5: 2.33 mg/g). Notably, samples from mountain areas in the middle part of Taiwan (CSS-T1, 5: 19.71 mg/g) and those from the northern area (CSS-T12, 5: 20.77 mg/g) were found to contain more 5 in comparison with those from other regions. As for the principal flavonoids (10 and 11), the content of 10 was higher than that of 11 (10: 3.37-8.33 mg/g > 11: 0.61-1.73 mg/g) except for samples of Sijichun tea (CSS-T7-T9), which contained nearly equal amounts (10: 2.09-2.12 mg/g ≒ 11: 2.34-2.41 mg/g) ( Figure 5 ). In the same manner, a typical HPLC chromatogram for a standard solution mixture of nine saponins (17-25) [2] is shown in Figure 6 . These saponins (17-25) have common acyl substituents, such as acetyl, angeloyl, tigloyl, or 2-methylbutyryl moieties in different positions (21 and/or 22 positions) of the main common framework of the saponin. The absorption maxima in their UV spectra were observed at around 230 nm due to the ,-unsaturated enone system, and thus detection was carried out at this wavelength. According to the protocol established, the contents of these acylated saponins (17-25) in CSS-T1-T12 were examined. As shown in Table 2 , a distinct trend was observed with contents of chakasaponins I-III (17-19), the contents of these saponins being higher in the samples from the mountain regions (CSS-T1, content of 17: 4.06 mg/g in the dry material; 18: 9.81 mg/g; 19: 0.71 mg/g) and northern area (CSS-T12, 17: 6.32 mg/g; 18: 15.14 mg/g; 19: 1.10 mg/g) than those in the samples from the middle and southern areas (CSS-T2-T11: 17: 0.17-1.26 mg/g; 18: 1.32-4.00 mg/g; 19: 0.14-0.24 mg/g). In addition, the samples from the middle and southern areas (CSS-T5-T11) contained more floratheasaponins A-F (20-25) than those from other areas (20, 23: 12.05-19.45 mg/g; 21, 24: 8.35-11.28 mg/g; 22, 25: 3.55-6.99 mg/g). Total contents of the acylated saponins (17-25) in the samples of Cui Yu tea (CSS-T2-T4) were lower than those of the other samples (Figure 7 ).
In conclusion, using the recently developed protocols, contents of 15 polyphenols (1-15), caffeine (16), and nine acylated saponins (17-25), which had been identified as biofunctional constituents in tea flowers, have been analyzed. By evaluation of 12 samples collected at different points in Taiwan, the following characteristic tendencies were observed: (1) (-)-epigallocatechin 3-O-gallate (5) was the most abundant constituent among the catechins (1-5) analyzed. Notably, samples from the mountain regions in the middle part of Taiwan (CSS-T1) and those from the northern area (CSS-T12) were found to contain more 5 than those from other regions; (2) as for the content of principal flavonoids (10 and 11), 10 was higher than 11 ( 
Reagents and chemicals:
Methanol, formic acid, trifluoroacetic acid, and distilled water were purchased from Nacalai Tesque Inc., Kyoto, Japan. The reference samples of 1-7, 9, and 12-14 were purchased from Funakoshi Co., Ltd., Tokyo, Japan, and those of 15 and 16 were from Nacalai Tesque Inc., Kyoto, Japan. Those of 8, 10, 11, and 17-25 were isolated from the flower buds of C. sinensis [2, 3] . The NMR and LCMS of each reference sample showed high homogeneity, and the purity was accessed by HPLC using either an UV-VIS detector (268 nm for 8, 10, and 11) or a refractive index (RI) detector (for 17-25) to be more than 98%. Prior to use, every freeze-dried sample was dried under reduced pressure over 24 h until no weight reduction was observed. All other chemicals were purchased from either Wako Pure Chemical Industries, Ltd., Osaka, Japan or Nacalai Tesque Inc.
LCMS analysis for catechins (1-5), flavonoids (6-15), and caffeine (16):
A series LC-20A Prominence HPLC system (Shimadzu Co., Kyoto, Japan) was equipped with a binary pump, a degasser, an autosampler, a thermostated column compartment, a UV-VIS detector, and a control module connected with a LCMS-2010EV mass spectrometer (Shimadzu Co., Kyoto, Japan) equipped with an ESI interface. The chromatographic separation was performed on an Inertsil ODS-3 column ( 
HPLC analysis for saponins (17-25):
A series LC-20A Prominence HPLC system was equipped with an UV-VIS detector, a binary pump, a degasser, an autosampler, a thermostated column compartment, and a control module. Peaks were detected at 230 nm, since these saponin constituents (1-9) have conjugated acyl groups such as tigloyl or angeloyl moieties [3] . The chromatographic separation was performed on an Inertsil ODS-3 column (3 m particle size, 2.1 mm i.d.  100 mm, GL Sciences Inc., Japan) operated at 40°C. The mobile phase consisted of methanol and 5 mM trifluoroacetic acid (65:35, v/v), and was delivered at a flow rate of 0.2 mL/min. The injection volume was 10 L.
Preparation of standard solution:
A standard solution of catechins (1) (2) (3) (4) (5) , flavonoids (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) , and caffeine (16) was prepared according to the previously reported method [2] . Thus, an accurately weighed 2.00 mg of each reference sample (1-16) was dissolved with 2.0 mL of methanol, the solutions being used as a stock standard solution (1000 g/mL). Aliquots (0.5 mL) of the stock standard solutions were transferred into a 10 mL volumetric flask and made up to volume with 50% methanol. Using this solution, the working solutions (1.0, 2.5, 5.0 and 10 g/mL) for constructing the calibration curves were prepared. For the calibration, an aliquot of 1. According to the previously reported method [3] , a standard solution of saponins (17-25) was prepared. An accurately weighed 2.00 mg of each saponin (17-25) was introduced into a 20 mL volumetric flask, and made up to volume with methanol, the Quantitative chemical analysis of Camellia sinensis Natural Product Communications Vol. 8 (11) 2013 1557 solution being used as a stock standard solution (100 g/mL). Aliquots of 1, 2, 4, and 10 mL of the stock standard solution were transferred into 20 mL volumetric flasks and made up to volume with 50% methanol, the solutions being used as working solutions (5.0, 10, 20, and 50 g/mL, respectively) for constructing calibration curves. For the calibration, an aliquot of 10 L of each solution was injected into the HPLC system. The saponins 20 and 23 were hardly separable from each other, even after intensive examination of the conditions on chromatography, and were eluted simultaneously. It might be reasonable for these two constituents (20, 23) of small structural difference to be hardly separable, as only the terminal -D-xylopyranose at 2'''-position is replaced by -L-rhamnopyranose. Other pairs of constituents, 21 and 24, and 22 and 25, which have the same structural difference as 20 and 23, showed the same behavior, being eluted simultaneously. Since the UV properties of 20 were almost identical with those of 23, they could be treated as synonymous analytically, and the standard solution of 23 was used to integrate the peak for 20 and 23. In the same manner, standard solutions of 24 and 25 were used to integrate the peaks for 21 and 24, and 22 and 25, respectively [3] . Each peak was observed at the following retention times [17 (t R 16.1 min), 18 (t R 27.7 min), 19 (t R 12.2 min), 20, 23 (t R 18.3 min), 21, 24 (t R 34.3 min), and 22, 25 (t R 38.2 min)]. These peaks were unambiguously assigned by comparison of their retention times with those of authentic specimens.
Sample preparation:
Pulverized sample powders were accurately weighed (ca. 2.0 g, conversion with loss on drying) and extracted with 20 mL of 50% methanol heated under reflux for 120 min. The extraction was repeated twice. After centrifugation of the extracts at 3000 rpm for 5 min, the supernatants were combined and diluted to 100 mL with the extraction solvent. An aliquot (1 mL) of the extract solution was transferred into a 10 mL volumetric flask and made up to volume with 50% methanol. The solution was filtered through a syringe filter (0.45 m), and an aliquot of 1.0 L was subjected to the LCMS analysis for 1-16. Similarly, an aliquot (1 mL) of the extract solution was transferred into a 5 mL volumetric flask and made up to volume with 50% methanol. The solution was filtered through a syringe filter (0.45 m), and an aliquot of 10 L was subjected to HPLC analysis for 17-25. The remaining extraction solution was evaporated in vacuo to calculate the extraction yields.
